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
$EVWUDFW 7KH ZRUN RI WKLV VWXG\ FRQFHUQV WKH ILQH PRGHOOLQJ RI WKH WKHUPRPHFKDQLFDO DQG
PHWDOOXUJLFDO EHKDYLRU RI LQWHUIDFH FHUDPLFPHWDO LQ RUGHU WR GHWHUPLQH WKH UHVLGXDO PHFKDQLFDO
VWDWH RI WKH VWUXFWXUHV GXULQJ EUD]LQJ SURFHVV )RU WKHVH FDVHV GLIILFXOWLHV PDLQO\ DULVH LQ WKH
PRGHOOLQJRI WKH VROLGVROLGSKDVH WUDQVIRUPDWLRQV DVZHOO DV LQ WKHPRGHOOLQJRI WKHPHFKDQLFDO
EHKDYLRU RI WKH PXOWLSKDVLF PDWHULDO :LWKLQ DQ RULJLQDO WKHRUHWLFDO IUDPHZRUN  JHQHUDOL]HG
VWDQGDUGPDWHULDOVZLWKLQWHUQDOFRQVWUDLQWV±ZHSURSRVHGPRGHOVIRUWKHEHKDYLRURIPXOWLSKDVLF
PDWHULDO
7KHGHVLJQRIMRLQWVLQHQJLQHHULQJVWUXFWXUHVDQGWKHRSWLPLVDWLRQRIWKHLQGXVWULDOEUD]LQJSURFHVV
UHTXLUH GHWHUPLQLQJ DQG DQDO\VLQJ VXFK D SKHQRPHQRQ ,Q WKLV ZD\ WKH SUHVHQW ZRUN DLPV DW
SUHGLFWLQJWKHWKHUPDOO\LQGXFHGVWUHVVHVORFDOLVDWLRQDQGOHYHOWKURXJKQXPHULFDOVLPXODWLRQVDQG
WKHQDWGHILQLQJWKHPDLQSDUDPHWHUVZKLFKLQIOXHQFHWKHLUGHYHORSPHQW

 ,QWURGXFWLRQ

 %UD]LQJ LV D ZHOGLQJ SURFHVV FXUUHQWO\ XVHG WR SURGXFH FHUDPLF WR PHWDO DVVHPEOLHV WKDW DUH
LQWHUHVWLQJEHFDXVHFHUDPLFDQGPHWDOOLFPDWHULDOVKDYHGLVVLPLODU WKHUPDOPHFKDQLFDOHOHFWURQLF
DQG FKHPLFDO EHKDYLRXU 6XFK DVVHPEOLHV DUH LQWHJUDWHG LQ FRPSOH[ V\VWHPV GHVLJQHG IRU KLJK
WHFKQRORJ\DSSOLFDWLRQVPHGLFDODLUFUDIWVSDWLDOHOHFWURQLFRUQXFOHDU7KLVSURFHVVDOORZVWKHQ
WR OLQN WZR EDVH PDWHULDOV FHUDPLF DQGPHWDO ZKLFK H[KLELW TXLWH GLIIHUHQW WKHUPRPHFKDQLFDO
EHKDYLRXU7KHGLIIHUHQFHEHWZHHQWKHWKHUPDOH[SDQVLRQFRHIILFLHQW&7(RIWKHVHPDWHULDOVOHDGV
WR WKH GHYHORSPHQW RI UHVLGXDO VWUHVVHV GXULQJ WKH FRROLQJ SKDVH RI WKH EUD]LQJ SURFHVV 6XFK
UHVLGXDOVWUHVVHVFOHDUO\UHGXFHWKHVWUHQJWKRIWKHEUD]HGMRLQWDQGFDQOHDGWRFDWDVWURSKLFIDLOXUHDW
WKH LQWHUIDFHV HYHQ GXULQJ WKH EUD]LQJ SURFHVV LWVHOI >@ ,Q RUGHU WR SHUIRUP WKH PHFKDQLFDO
VWUHQJWK RI VXFK DVVHPEOLHV DQG RSWLPLVH WKH EUD]LQJ SURFHVV LW LV LPSRUWDQW WR HVWLPDWH WKHVH
UHVLGXDOVWUHVVHVDQGVWXG\WKHSDUDPHWHUVWKDWLQIOXHQFHWKHLUGHYHORSPHQW

 ,QSDUWLFXODU WKHPDWHULDOVFRQVWLWXWLYHODZV WKHVWUXFWXUHJHRPHWU\DQGWKHFRROLQJFRQGLWLRQV
SOD\DFUXFLDOUROHLQWKHORFDOLVDWLRQDQGWKHLQWHQVLW\OHYHORIUHVLGXDOVWUHVVHV>@0DQ\DQDO\WLFDO
DQG QXPHULFDO DSSURDFKHV KDYH DOUHDG\ EHHQ FDUULHG RXW WR HVWLPDWH VXFK SKHQRPHQRQ IRU IL[HG
YDOXHRIWKHVHGDWD>@,QWKLVSDSHUZHSURSRVHDVHQVLWLYLW\DQDO\VLVRIDOOWKHVHIDFWRUVRQWKH
UHVLGXDO VWUHVVHV LQGXFHG ZKLFK DOORZV WR GHILQH WKH PRVW LPSRUWDQW RQHV DQG DOVR WR FKRRVH
DSSURSULDWHK\SRWKHVHVIRUILQLWHHOHPHQWPRGHOV
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
 %UD]LQJSURFHVV

 %UD]LQJLVDZHOGLQJSURFHVVZKLFKSURGXFHVWKHFRDOHVFHQFHRIWZRRUPRUHOLNHRUXQOLNHEDVH
PDWHULDOVE\PHDQVRIDILOOHUPHWDODOOR\ZLWKD ORZHUPHOWLQJSRLQW7KHDVVHPEO\LVKHDWHGWRD
VXLWDEOHWHPSHUDWXUHXSSHUWKHOLTXLGXVWHPSHUDWXUHRIWKHILOOHUPHWDOZKLFKLVGUDZQLQWRWKHMRLQW
E\FDSLOODU\DWWUDFWLRQ'XULQJWKHFRROLQJSKDVHWKHILOOHUPHWDOVROLGLILFDWLRQSURGXFHVWKHMRLQWRI
WKHEDVHPDWHULDOV
 ,QRXUFDVHDIWHUWKLVSRLQWFRROLQJIURPILOOHUPHWDOVROLGXVWHPSHUDWXUHWRURRPWHPSHUDWXUH
WKHEDVHPDWHULDOVDQG WKH ILOOHUPHWDODUHQRW VXEPLWWHG WRDQ\PHWDOOXUJLFDO WUDQVIRUPDWLRQ7KH
WZREDVHPDWHULDOVDUHYHU\GLVVLPLODUFHUDPLFDQGPHWDOOLFSDUW$ORZWKLFNQHVVPHWDOOL]DWLRQDW
WKHFHUDPLFVXUIDFH LVXVHG WR LQFUHDVHZHWWDELOLW\E\ WKHILOOHUPHWDODW WKH OLTXLGVWDWHDQGDOORZ
FDSLOODU\DWWUDFWLRQ7KHFDSLOODU\DWWUDFWLRQRIWKHILOOHUPHWDOE\WKHPHWDOOLFSDUWRFFXUVQDWXUDOO\

 +HDWLQJ SURFHVV LV UHDOLVHG LQ WZR SKDVHV LQWR D FRQWUROOHG DWPRVSKHUH IXUQDFH )LUVW WKH
DVVHPEO\ LV FRROHG LQYDFXXPDWPRVSKHUH WRSURWHFW WKHPHWDOOLFSDUW IURPR[LGDWLRQXQWLO D ORZ
FRROLQJ WHPSHUDWXUH 7KHQ FRROLQJ LV DFFHOHUDWHG E\ LQWURGXFLQJ QLWURJHQ LQWR WKH IXUQDFH DW D
VXLWDEOH WHPSHUDWXUH WR SURWHFW WKH FHUDPLF SDUW IURP WKHUPDO VKRFN 7KH ILJXUH  GHVFULEHV WKH
FRROLQJFRQGLWLRQVRIWKHEUD]LQJSURFHVV1RWHWKDWWKHUHLVRQO\WKHUPDOORDGLQJDQGQRPHFKDQLFDO
ORDGLQJRQWKHFHUDPLFPHWDODVVHPEO\GXULQJWKHEUD]LQJSURFHVV
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)LJXUH&RROLQJFRQGLWLRQVRIEUD]LQJSURFHVV
 7KH ILJXUH VKRZV WKHPLFURVWUXFWXUHRI D FHUDPLF WRPHWDO DVVHPEO\ DIWHUEUD]LQJ :HFDQ
REVHUYH WKUHH GRPDLQV PHWDO MRLQW DQG FHUDPLF 7KH MRLQW LV FRPSRVHG RI WKH ILOOHU PHWDO WKH
PHWDOL]HG VXUIDFH RI WKH FHUDPLF DQG WKH LQWHUIDFHV JHQHUDWHG DW KLJK WHPSHUDWXUH E\ GLIIXVLRQ
EHWZHHQWKHEDVHPDWHULDOVVXUIDFHVDQGWKHILOOHUPHWDO
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
 7KHDVVHPEO\JHRPHWU\ VWXGLHGLQWKLVZRUNLVD'D[LV\PPHWULFF\OLQGHUFRPSRVHGRI WKUHH
PDWHULDOV
 DOXPLQD$O2ZLWKDSXULW\RIFHUDPLF
 VWDLQOHVVVWHHOPHWDO
 VLOYHUFRSSHUHXWHFWLFDOOR\ILOOHUPHWDO
DV WKH LQIOXHQFH RI RWKHU FRPSRQHQWV LV QHJOHFWHG )LJ  %HVLGHV WKH MRLQHG VXUIDFHV EHWZHHQ
WKHVHPDWHULDOVDUHSHUIHFWO\SODQHVXUIDFHV
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
 7KH FHUDPLF PDWHULDO LV NQRZQ WR EH OLQHDU HODVWLF DQG LWV SURSHUWLHV GR QRW GHSHQG RQ
WHPSHUDWXUH7KHVHSDUDPHWHUVKDYHEHHQ LGHQWLILHG WKURXJKXOWUDVRQLF WHVWV DW URRP WHPSHUDWXUH
7KH PHWDO DQG WKH ILOOHU PHWDO H[KLELW HODVWRSODVWLF EHKDYLRXU GHSHQGLQJ RQ WHPSHUDWXUH 7ZR
HYROXWLRQVRI WKHILOOHUPHWDO\LHOGVWUHVVZLWK WHPSHUDWXUH LVVXHIURPWZRGLIIHUHQWELEOLRJUDSKLF
UHIHUHQFHV >@ DUH FRPSDUHG WR WKH PHWDO RQH WR XQGHUVWDQG WKH HIIHFW RI WKLV SDUDPHWHU RQ
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)LJ 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HODVWRSODVWLFEHKDYLRXU W\SHRQ WKH UHVLGXDO VWUHVVHV LQGXFHGKDV DOVREHHQ VWXGLHGE\ DFFRXQWLQJ
FRQVWLWXWLYH ODZVZLWKRUZLWKRXWKDUGHQLQJ IRU WKHPHWDOPDWHULDO)XOO ELEOLRJUDSKLFPHFKDQLFDO
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 1XPHULFDOPRGHO

 1XPHULFDOVLPXODWLRQVKDYHEHHQSHUIRUPHGZLWKWKHILQLWHHOHPHQW$%$486FRGH7KHPRGHO
LVGHILQHGLQDFFRUGDQFHZLWKWKHJHRPHWU\FKRVHQDQGWKHEUD]LQJSURFHVVGHVFULEHGSUHYLRXVO\
 WKHVWUXFWXUHLV'D[LV\PPHWULF
 WKHPHVKRIWKHDVVHPEO\KDVEHHQGRQHZLWKDQQRGHTXDGUDWLFD[LV\PPHWULFTXDGULODWHUDO
HOHPHQW7KHHOHPHQWVL]HLVORZHVWQHDUWKHLQWHUIDFHVDQGWKHIUHHVLGHVXUIDFHEHFDXVHWKH
UHVLGXDO VWUHVVHV DUH HVVHQWLDOO\ ORFDOLVHG LQ WKHVHV ]RQHV )LJ $ FRQYHUJLQJ VWXG\ RQ
9RQ0LVHV VWUHVVHV KDV IL[HG WKH QRGHV QXPEHU DW  LQ RXU FDVH WR HVWLPDWH UHVLGXDO
VWUHVVHVZLWKDJRRGSUHFLVLRQ
 WKHULJLGERG\GLVSODFHPHQWKDVEHHQIL[HG)LJ
 WKHLQWHUIDFHVEHWZHHQWKHILOOHUPHWDODQGWKHEDVHPDWHULDOVDUHVXSSRVHGWREHSHUIHFW
 WKHVWDUWLQJSRLQWRI WKHVLPXODWLRQLV WKHVROLGLILFDWLRQRI WKHILOOHUPHWDOGXULQJWKHFRROLQJ
SKDVH RI WKH EUD]LQJ SURFHVV )LJ  DQG WKH VLPXODWLRQ HQGV ZKHQ WKH FHUDPLF PHWDO
DVVHPEO\WHPSHUDWXUHLVHTXDOWRWKHURRPWHPSHUDWXUH
 WKHUHLVQRPHFKDQLFDOORDGLQJRQWKHFHUDPLFPHWDODVVHPEO\
 WKHWKHUPDO ORDGLQJLV WKHFRROLQJF\FOH)LJ IURPWKHILOOHUPHWDOVROLGXVWHPSHUDWXUHWR
URRPWHPSHUDWXUH
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)LJXUH0HVKRIWKHFHUDPLFPHWDODVVHPEO\IRUWKHIXOOF\OLQGHUGHVLJQ5LQW 


 0RUHRYHUWZRK\SRWKHVHVKDYHEHHQVWXGLHGRXWWRJHWWKHQRGHVWHPSHUDWXUHDFFRUGLQJWRWLPH
LQWKHDVVHPEO\
L 8QLIRUP FRROLQJ K\SRWKHVLV WKH WHPSHUDWXUH RI DOO WKH QRGHV LV DVVLPLODWH WR WKH IXUQDFH
WHPSHUDWXUHDFFRUGLQJWRWLPH
LL 7KHUPDODQDO\VLVWZRSKDVHVFRUUHVSRQGLQJWRWKHFRROLQJSURFHVVKDYHEHHQVLPXODWHG)LJ
 )LUVW WKH DVVHPEO\ LV LQ YDFXXP DWPRVSKHUH XQWLO D ORZ FRROLQJ WHPSHUDWXUH WKH
ERXQGDU\ FRQGLWLRQ DSSOLHG WR LWV H[WHUQDO VXUIDFH LV WKHQ WKH IXUQDFH WHPSHUDWXUH
FRQGXFWLRQ7KHQLQDVHFRQGSDUWWKHERXQGDU\FRQGLWLRQDSSOLHGWRWKHH[WHUQDOVXUIDFH
RIWKHDVVHPEO\WXUQVLQWRWKHFRQYHFWLRQIORZ
7KHQRGHWHPSHUDWXUHVREWDLQHGDUHILQDOO\LQWURGXFHGLQWKHPHFKDQLFDODQDO\VLVWRJHWWKHVWUHVV
VWUDLQ UHVSRQVH DQG WKH UHVLGXDO VWUHVVHV 1RWH WKDW WKH WKHUPDO DQG PHFKDQLFDO DQDO\VHV DUH
XQFRXSOHG
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 5HVLGXDOVWUHVVHVDQDO\VLV

 $OOUHVXOWVVKRZWKDWPD[LPXPVWUHVVFRQFHQWUDWLRQRFFXUVLQWKHFHUDPLFQHDUWKHLQWHUIDFHZLWK
WKHILOOHUPHWDOZKLFKFRUURERUDWHVH[SHULPHQWDOREVHUYDWLRQV>@
,QIOXHQFHRIWKHFRQVWLWXWLYHODZV
 ,Q WKLVSDUW WKH LQIOXHQFHRI WKHPHWDOOLFPDWHULDOV ILOOHUPHWDODQGPHWDOFRQVWLWXWLYH ODZV LV
DQDO\VHG
)LUVWWKHLPSRUWDQFHRIWKHSODVWLFEHKDYLRXULVVWXGLHGE\FRPSDULQJWKHUHVSRQVHREWDLQHGDWWKH
HQG RI WKH FRROLQJ SKDVH ZLWK OLQHDU HODVWLF PRGHOV DQG SHUIHFW HODVWRSODVWLF PRGHO IRU ERWK
PDWHULDOV,QDVHFRQGVWHSWKHLQIOXHQFHRIWKHKDUGHQLQJIRUPHWDOLVH[DPLQHG)LJXUHSUHVHQWV
WKHUHVLGXDOVWUHVVUHSDUWLWLRQDORQJWKHIUHHVLGHVXUIDFHIRUWKHVHGLIIHUHQWFDVHV,WFOHDUO\DSSHDUV
WKDWWKHEHKDYLRXURIWKHPHWDOOLFPDWHULDOVKDVDVLJQLILFDQWHIIHFWRQWKHUHVLGXDOVWUHVVHVREWDLQHG
,Q SDUWLFXODU WKH K\SRWKHVLV RI DQ HODVWLF EHKDYLRXU JLYHV VWUHVVHV YDOXHV IRXU WLPHV ELJJHU WKDQ
WKRVH ZLWK WKH HODVWRSODVWLF PRGHOV &RQVHTXHQWO\ LW VHHPV LPSRUWDQW WR WDNH LQWR DFFRXQW WKH
0HWDO &HUDPLF
)LOOHU0HWDO
5HYROXWLRQD[LV
)UHHVLGH
VXUIDFH
5LJLGERG\
GLVSODFHPHQW
'D[LV\PPHWULF
SODVWLFEHKDYLRXURIPHWDOOLFPDWHULDOVWRJHWDFRKHUHQWHVWLPDWLRQRIUHVLGXDOVWUHVVHV%HVLGHVWKH
ILOOHUPHWDO H[KLELW WKH ORZHVW \LHOGYDOXH GDWD IURP/RYDWR >@ VR WKHPDMRUSODVWLF VWUDLQVZLOO
RFFXULQWKLVPDWHULDODQGZLOOOLPLWWKHSODVWLFVWUDLQVLQWKHVWDLQOHVVVWHHO$FFRUGLQJO\WKHUHLVQR
UHPDUNDEOHGLIIHUHQFHEHWZHHQWKHUHVXOWVZLWKSHUIHFWSODVWLFLW\DQGZLWKKDUGHQDEOHSODVWLFLW\IRU
WKHPHWDOPDWHULDO0RUHRYHU WKH ILOOHUPHWDO \LHOG YDOXH VWDQGV DV WKHPRVW LPSRUWDQWPDWHULDO
SURSHUW\WRHVWLPDWHWKHUHVLGXDOVWUHVVHVYDOXHVRQWKHFHUDPLFPHWDODVVHPEO\
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'LVWDQFHDORQJWKHIUHHVLGHVXUIDFHPP

)LJXUH5HVLGXDOVWUHVVGLVWULEXWLRQDORQJWKHDVVHPEO\IUHHVLGHVXUIDFH
DFFRUGLQJWRWKHPHWDOOLFPDWHULDOVFRQVWLWXWLYHODZV


 /HW H[DPLQH QRZ WKH HYROXWLRQ RI VWUHVV GXULQJ WKH FRROLQJ SKDVH DFFRUGLQJ WR WKH WZR
ELEOLRJUDSKLFSODVWLF\LHOGVWUHVVJLYHQIRUWKHILOOHUPHWDOE\/HY\>@DQG/RYDWR>@)LJ)RU
ERWKFDVHVWKHILOOHUPHWDOH[KLELWVDORZ\LHOGVWUHVVYDOXHLQWKHKLJKWHPSHUDWXUHVUDQJH&
&DQGFRQVHTXHQWO\ WKHSODVWLFEHKDYLRXUTXLFNO\RFFXUV7KHVWUDLQ LQGXFHGE\ WKH WKHUPDO
H[SDQVLRQFRHIILFLHQWGLIIHUHQFHEHWZHHQWKHDOXPLQDDQGWKHVWDLQOHVVVWHHOSDUWDUHWKHQELJJHULQ
WKHILOOHUPHWDOSDUWWKDQLQWKHRWKHUFRPSRQHQWV&RQVHTXHQWO\WKHUHVLGXDOVWUHVVHVDUHTXLWHVPDOO
ZLWKLQ WKH DVVHPEO\ DW KLJK WHPSHUDWXUH EHFDXVH WKH\ DUH OLPLWHG WR WKH \LHOG VWUHVV LQ WKH ILOOHU
PHWDODQGDVVRFLDWHGWRORZVWUDLQVYDOXHVLQPHWDODQGFHUDPLF)LJ
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
)LJXUH0D[LPXP9RQ0LVHVVWUHVVRQWKHIUHHVLGHVXUIDFHDFFRUGLQJWRIXUQDFHWHPSHUDWXUHDQG
ILOOHUPHWDOPHFKDQLFDOSURSHUWLHV



 ,Q WKH ORZ WHPSHUDWXUHV UDQJH XQGHU & WKH \LHOG VWUHVV YDOXH IRU ERWK GDWD LQFUHDVH
VLJQLILFDQWO\DQGLQGXFHELJJHUVWUHVVHVGXULQJFRROLQJ)LJ+RZHYHUWKHEHKDYLRXUGHSHQGVRQ
WKH\LHOGVWUHVVFKRVHQ)RUWKHGDWDJLYHQE\/RYDWR>@ZHREVHUYHWKHVDPHIHDWXUHVDVIRUKLJK
WHPSHUDWXUH DV WKH ILOOHU \LHOG VWUHVV UHPDLQV WKH VLJQLILFDQW SDUDPHWHU HYHQ LI LWV YDOXH LQFUHDVH
ZLWK WHPSHUDWXUH 7KH ILOOHUPHWDO \LHOG VWUHVV JLYHQ E\ /HY\ >@ JHWV XSSHU WKDQ WKHPHWDO RQH
EHWZHHQDQG&)LJVRIURPWKDWSRLQWWKHVWUHVVHVHYROXWLRQIROORZVWKHSDWWHUQRIWKH
PHWDOPDWHULDO7KXVZHFDQFRQFOXGHWKDWPHWDOOLFPDWHULDOVZLWK\LHOGVWUHVVDV ORZDVSRVVLEOH
VKRXOGEHXVHGLQRUGHUWROLPLWUHVLGXDOVWUHVVHVYDOXHVRQWKHFHUDPLFPHWDODVVHPEOLHV
 1RWHILQDOO\WKDWIRUWKHWZRGLIIHUHQWHYROXWLRQVWKHUHVLGXDOVWUHVVHVDWURRPWHPSHUDWXUHDUH
TXLWH WKH VDPH PD[LPXP VWUHVV GLIIHUHQFH RI 03D 7KH \LHOG VWUHVV HYROXWLRQ DFFRUGLQJ WR
WHPSHUDWXUHVHHPVWKHQWRKDYHDVLJQLILFDQWLPSDFWRQVWUHVVHVHYROXWLRQGXULQJWKHEUD]LQJSURFHVV
EXWQRWRQWKHLUILQDOYDOXHVUHVLGXDOVWUHVVHV

,QIOXHQFHRIFRROLQJFRQGLWLRQV
 ,Q WKLVSDUWZHFRPSDUH WKH UHVXOWVREWDLQHG IRU WKH WZR WKHUPDO ORDGLQJK\SRWKHVHV XQLIRUP
FRROLQJFRQGXFWLRQDQGFRQYHFWLRQIORZ
)LJXUH  SUHVHQWV WKHPD[LPXP WKHUPDO JUDGLHQW LQGXFHG LQ WKH FHUDPLFPHWDO DVVHPEO\ IRU WKH
VHFRQGK\SRWKHVLVZKLFK LV REWDLQHG DW WKH EHJLQQLQJ RI WKH FRROLQJ SKDVH IXUQDFH WHPSHUDWXUH
HTXDO WR &$V WKLV JUDGLHQW UHPDLQV TXLWH QHJOLJLEOH & DOO DORQJ WKH FRROLQJ VWUHVVHV
UHVSRQVHVZLWKERWKK\SRWKHVHVDUHTXLWHVLPLODUGXULQJWKHSURFHVV)LJDQGDWWKHILQDOVWDJH
UHVLGXDO VWUHVVHV RQ )LJ  7KH XQLIRUP FRROLQJ K\SRWKHVLV VHHPV WKHQ VXIILFLHQW IRU WKH
QXPHULFDOWKHUPDODQDO\VLV

0D
[LP
XP
9
RQ
0
LVH
VV
WUH
VV
0
3D

7HPSHUDWXUH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
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
)LJXUH0D[LPDOWHPSHUDWXUHJUDGLHQWLQWKHFHUDPLFPHWDO
DVVHPEO\IURPWKHWKHUPDODQDO\VLV
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0D[LPDOVWUHVVHYROXWLRQDFFRUGLQJWRIXUQDFHWHPSHUDWXUHDQGFRROLQJFRQGLWLRQV
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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
&HUDPLF0HWDO
)LOOHU
0HWDO

)LJXUH5HVLGXDOVWUHVVGLVWULEXWLRQDORQJWKHIUHHVLGHVXUIDFH
GHSHQGLQJRQFRROLQJFRQGLWLRQV


 ,QIOXHQFHRIJHRPHWU\
*HRPHWULFDOHIIHFWVRQUHVLGXDOVWUHVVHVDUHFDUULHGRXWZLWKWZROHYHOIDFWRULDODQDO\VHV
)LUVW D VWXG\ KDV EHHQ SHUIRUPHG IRU WKH IXOO F\OLQGHU GHVLJQ 5LQW ZKHUH WKHPD[LPXP9RQ
0LVHV VWUHVV YDOXH LQ WKH FHUDPLFPHWDO DVVHPEO\ LV FDOFXODWHG IRU VL[WHHQ GLIIHUHQW DVVHPEO\
PRGHOV ZKHUH IRXU IDFWRUV KHLJKWV RI HDFK FRPSRQHQW +$ +)0 +66 H[WHUQDO UDGLXV RI WKH
F\OLQGHU5H[WDUHHDFKDVVLJQHGWRWZROHYHOV7DE2Q)LJXUHZHREVHUYHWKDWLIWKH
DOXPLQD KHLJKW +$ DQG WKH H[WHUQDO UDGLXV 5H[W DUH LQFUHDVHG WKH VWUHVVHV LQ WKH DVVHPEO\
LQFUHDVH VLJQLILFDQWO\2Q WKHRWKHUKDQG DQ LQFUHDVHRI WKH ILOOHUPHWDO +)0 DQG VWDLQOHVV VWHHO
+66KHLJKWVLQGXFHDVPDOOGHFUHDVHRIWKHVWUHVVHV
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)LJXUH*HRPHWULFDOIDFWRUVHIIHFWVRQPD[LPDOVWUHVVRIWKHIXOOF\OLQGHUGHVLJQ
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 7KHVH UHVXOWV DUH FRUUHODWHG E\ H[LVWLQJ GDWD >@ ,Q RUGHU WR UHGXFH WKH UHVLGXDO VWUHVVHV LQ
FHUDPLFPHWDODVVHPEOLHVLWLVWKHQUHFRPPHQGHGWRWDNH+$DQG5H[WDVVPDOODVSRVVLEOHDQG+66
DVELJDVSRVVLEOHDVWKHILOOHUPHWDOKHLJKW+)0LVXVXDOO\OLPLWHGE\WKHEUD]LQJSURFHVV

 $VHFRQGIDFWRULDODQDO\VLVKDVEHHQGRQHIRU WKHSLSHGHVLJQ5LQWZLWKDIL[HGILOOHUPHWDO
KHLJKW+)0 PP7KHIDFWRUVFRQVLGHUHGLQWKLVFDVHDUHWKHKHLJKWVRIEDVHPDWHULDOV+$+66
DQGWKHSLSHWKLFNQHVV5H[W5LQWRIWKHF\OLQGHU7DE

7DEOH*HRPHWULFDOIDFWRUVOHYHOPPDIXOOF\OLQGHUGHVLJQ±ESLSHGHVLJQ

D    E  
5H[W    5LQW  
+66    5H[W  
+)0    +66  
+$    +$  


)LJXUHVKRZVWKDW WKHODWWHUSDUDPHWHU LV WKHPRVW LPSRUWDQWIDFWRUZKLFKFRQWUROV WKHUHVLGXDO
VWUHVVHVOHYHOLQWKHDVVHPEO\,QGHHGWKHLQIOXHQFHRIDOXPLQDDQGVWDLQOHVVVWHHOKHLJKWVLVTXLWH
QHJOLJLEOH)RUWKLVJHRPHWU\LWLVWKHQQHFHVVDU\WROLPLWDVPXFKDVSRVVLEOHWKHSLSHWKLFNQHVVRI
WKHF\OLQGHU
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)LJXUH*HRPHWULFDOIDFWRUVHIIHFWVRQPD[LPDOVWUHVVRIWKHSLSHGHVLJQ

&RQFOXVLRQ

 7KLV SDSHU KDV VWXGLHG WKURXJK D QXPHULFDO DSSURDFK WKH GLIIHUHQW IDFWRUV WKDW LQIOXHQFH WKH
VWUHVV GHYHORSPHQW DQG WKHLU ILQDO YDOXH RQ FHUDPLF PHWDO EUD]HG DVVHPEOLHV 7KHVH QXPHULFDO
UHVXOWVDUHLQDFFRUGDQFHZLWKH[SHULPHQWDOREVHUYDWLRQVRQVXFKSLHFHVE\SUHGLFWLQJIRUH[DPSOH
WKHORFDOLVDWLRQRIWKHPD[LPXPVWUHVVLQWKHFHUDPLFQHDUWKHLQWHUIDFHZLWKWKHILOOHUPHWDO
 ,QFHUDPLFPHWDODVVHPEOLHVWKHWKHUPRPHFKDQLFDOEHKDYLRXURIWKHFRPSRQHQWVDQGHVSHFLDOO\
WKH SODVWLF FRQWULEXWLRQ RIPHWDOOLFPDWHULDOV KDYH D VLJQLILFDQW LQIOXHQFH RQ WKH UHVLGXDO VWUHVVHV
UHSDUWLWLRQ DQG WKHLUPD[LPXPYDOXHV 6WUHVVHV HYROXWLRQ GXULQJ WKH FRROLQJ LV FRQWUROOHG E\ WKH
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PHWDOOLFPDWHULDOILOOHUPHWDORUPHWDOWKDWH[KLELWWKHORZHVW\LHOGVWUHVVYDOXH,QRUGHUWRUHGXFH
WKH UHVLGXDO VWUHVVHV LQ FHUDPLF PHWDO DVVHPEOLHV LW LV WKHQ UHFRPPHQGHG WR FKRRVH PHWDOOLF
PDWHULDOVZLWKWKHKLJKHVWGXFWLOLW\

 2QWKHQXPHULFDOSRLQWRIYLHZWKHXQLIRUPFRROLQJLVWKHPRVWDSSURSULDWHK\SRWKHVLVIRUWKH
WKHUPDODQDO\VLVRIWKHEUD]LQJSURFHVVDVWKHWKHUPDOJUDGLHQWEHWZHHQWKHH[WHUQDOVXUIDFHDQGWKH
FHQWUHRIWKHDVVHPEO\LVTXLWHQHJOLJLEOH
)LQDOO\ ZH KDYH VKRZQ WKDW WKH RSWLPLVDWLRQ RI FHUDPLF PHWDO DVVHPEOLHV UHTXLUHV PLQLPXP
DOXPLQD KHLJKW DQG H[WHUQDO UDGLXV IRU IXOO F\OLQGHUV DQG PLQLPXP SLSH WKLFNQHVV IRU WKH SLSH
GHVLJQ

 1XPHULFDOVLPXODWLRQRIWKHEUD]LQJSURFHVVFRXOGEHLPSURYHGZLWKDPRUHFRPSOHWHPRGHOOLQJ
RI WKH LQWHUIDFHV EHWZHHQ WKH EDVH PDWHULDOV DQG WKH ILOOHU PHWDO ,W PD\ EH DOVR LQWHUHVWLQJ WR
DFFRXQWIRUWKHEULWWOHGDPDJHWKDWDIIHFWVWKHFHUDPLFPDWHULDODQGWKHFUHHSEHKDYLRXURIWKHILOOHU
PHWDOWKDWRFFXUVDWKLJKWHPSHUDWXUH
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>@ =KDQJ -; &KDQGHO 56 &KHQ <= 6HRZ +3  ³(IIHFW RI UHVLGXDO VWUHVV RQ WKH
VWUHQJWKRIDQDOXPLQDVWHHOMRLQWE\SDUWLDOWUDQVLHQWOLTXLGSKDVH37/3EUD]LQJ´-RXUQDORI
0DWHULDOV3URFHVVLQJ7HFKQRORJ\SS
>@ &KDUOHV<  ,GHQWLILFDWLRQG
XQPRGHGH YLHLOOLVVHPHQWGDQVXQDVVHPEODJH FpUDPLTXH
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>@ +VXHFK&+(YDQV$*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PpFDQLTXHGHVLQWHUIDFHV3K'7KHVLV(FROH3RO\WHFKQLTXH
>@ 0XQ] ' 6FNXKU 0$ <DQJ <  ³7KHUPDO VWUHVVHV LQ FHUDPLFPHWDO MRLQWV ZLWK DQ
LQWHUOD\HU´-RXUQDORIWKH$PHULFDQ&HUDPLF6RFLHW\YQRSS
>@ /HY\$  ³7KHUPDO UHVLGXDO VWUHVVHV LQ FHUDPLF WRPHWDO EUD]HG MRLQWV´-RXUQDORI WKH
$PHULFDQ&HUDPLF6RFLHW\SS
>@ /RYDWR *  5KpRORJLH GHV MRLQWV EUDVpV  pWXGH H[SpULPHQWDOH HW GpWHUPLQDWLRQ SDU
PpWKRGHLQYHUVH3K'7KHVLV(FROH1DWLRQDOH6XSpULHXUHGHV0LQHVGH3DULV
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